In this work, we have synthesized spherical silver nanoparticles (Ag NPs) by a low-cost, rapid, simple and ecofriendly approach using Date palm fruit extract as a novel natural reducing and stabilizing agent. The product was characterized by UV-visible spectroscopy, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), atomic force microscopy (AFM), energy-dispersive X-ray (EDX) spectroscopy and Zeta potential measurements. The reaction conditions including time, content of reducing agent and silver nitrate, temperature and pH were investigated. The optimum yield of Ag NPs was obtained when 10 mM of silver nitrate was reacted with Date fruit extract at pH 11 and heated it to 55 °C within 10 minutes. The elemental and crystalline nature of Ag NPs were confirmed from EDX and XRD analysis. SEM and TEM images showed that the Ag NPs were spherical and with sizes in the range of 25-60 nm. On the base of FT-IR analysis, it can be stated that the functional groups present in bio-molecules of Date fruits are responsible for the reduction and stabilization of Ag NPs, respectively. The Ag NPs showed good antibacterial activity against a few human pathogenic bacteria. The catalytic activity of the Ag NPs for rapid and efficient reduction of toxic nitro compounds into less toxic corresponding amines by using NaBH 4 was also investigated.
Introduction
Among various transition metal nanoparticles, silver nanoparticles (Ag NPs) have attracted considerable attention in nanoscience and nanotechnology due to their excellent optical and electronic properties as well as their wide applications in various fields such as catalysis, 1 surface enhanced Raman scattering, 2 degradation of environmental pollutants, 3 biosensors 4 cancer therapy5 and antibacterial effects.
6 Several synthetic strategies have been developed for the synthesis of Ag NPs including photochemical, 7 sonochemical, 8 sovothermal 9 and spin coating methods.
10 Among these, chemical reduction of a silver ions (Ag + ) in presence of a stabilizer is the most frequently applied method for the preparation of Ag NPs as stable colloidal dispersions in water or organic solvents.
11
The major drawback of chemical method is that the highly reactive chemical reductants as well as the stabilizers such as synthetic polymers, surfactants and dendrimers used in this method cause chemical toxicity and serious environmental problems, thus limiting their utility.
In recent years, biosynthesis of metal nanoparticles has received considerable attention due to the growing need to develop clean and nontoxic chemicals, environmentally friendly solvents and renewable materials.
12
The selection of a non-toxic reducing agent, a cost-effective and easily renewable stabilizing agent and an environmentally benign solvent system are the three main criteria for a greener metal nanoparticles synthesis. In this regard, a great deal of effort has been devoted toward the biosynthesis of silver nanoparticles using bacteria, [13] [14] [15] [16] [17] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 vated plants, and it has played an important role in the day-to-day life of the people for the last 7000 years.
54
Dates are produced in 35 countries worldwide and cultivated on about 2.9 million acres of land. The world production of date fruit estimate to be more than 7000000 metric tons, and Iran (14% of world production) is the second major producer after Egypt (17% of world production). Figure 1 shows the photographs of Date palm trees ant their fruits. The Date fruit is considered to be an inexpensive and easily available important fruit in Iran. 55 The Date palm fruits are an important source of nutrition, especially in the arid regions where due to the extreme conditions, very few plants can grow. Date fruit also shows some functional properties in the food industry, such as water-holding, oil-holding, emulsifying and gel formation. Indeed, Date fruit can be incorporated in food products to modify textural properties, avoid synthesis and stabilize high fat food and emulsions. 56 The study by Abdelhak has shown that different varieties of ripe Date fruits contained mainly p-coumaric, ferulic and sinapic acids and some cinnamic acid derivatives. 57 The in vitro study by Vayalil reported that the aqueous extract of Date fruits has antioxidative and antimutagenic properties. 58 On the other hand, the study by Bilgari had shown
